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Table 1. Summaries of published representative single-etched waveguide crossings.  
Type Year Insertion loss crosstalk bandwidth footprint references 
Cavity 1998 0.2 dB -30 dB — 5×5 m2 [11] 
Cavity 1999 0.17 dB -30 dB — 1.2×1.2m2 [12] 
MMW 2006 0.2 dB -35 dB 100 nm 10×10m2 [3] 
MMW 2009 0.1 dB -40 dB 20 nm 6×6m2 [8] 
MMW 2010 0.3 dB -40 dB 100 nm 5×5m2 [9] 
Cavity 2010 0.6 dB -40 dB 60 nm 9×9m2 [16] 
MMW 2013 0.1-0.3 dB -38 dB 80 nm 6×6m2 [10] 
MMW 2013 0.02 dB -40 dB 90 nm 8×8m2 [6] 
MMW 2013 0.02 dB -37 dB 100 nm 9×9m2 [5] 
MMW 2014 0.04 dB -35 dB 100 nm 9×9m2 [7] 
Cavity 2017 0.75 dB -22.5 dB 60 nm 5×5m2 [17] 
Cavity — 0.1~0.3 dB -35 dB 50 nm 5×5m2 This work 
 
In recent years, with the improvement of computer performance, many novel photonic device designs have been 
produced by numerical optimization algorithms [17]. Numerically-optimized photonic devices often demonstrate superior 
features comparing to conventional devices, e.g., smaller footprint, lower loss, wider spectrum bandwidth and customized 
functions. 
Genetic algorithm (GA) is a widely-used numerical algorithm in device optimization. In a dynamic design model, 
parameters are defined to regulate the geometric structure or the material properties. All the independent parameters are 
ordered and collected in an array to form a “gene”, i.e. a parameter value set, and GA is applied to tentatively adjust the 
parameter values in the gene one by one. Once the gene is changed, the model simulation result as a feedback will evaluate 
the gene revision, and then decide to reserve or discard the revision. After sufficient number of iterations, when any gene 
revision can no longer increase the model performance, an optimal or quasi-optimal device design is considered to be 
achieved.  
Examples of GA-optimized photonic devices include a silicon nitride-on-SOI grating coupler with low-fabrication 
complexity [18], an ultra-small footprint polarization rotator [19], and a broadband optical waveguide coupler [20]. An 
ultra-compact power splitter with a QR code-like nanostructure is designed and demonstrated [21]. These examples verified 
the advantages of GA-optimization as a valid design tool in photonics. In this work, we aim to use GA optimization to 
create a cavity-based waveguide crossing with low-insertion loss, low crosstalk, and small footprint as well. 
2. Device design  
The waveguide crossing, as illustrated in Fig. 2 (a), is designed for 220-nm thick and 500-nm wide silicon waveguides. 
The design aims at a compact footprint of 5×5 m2. The crossing comprises a distinctive sub-wavelength structure that 
forms a low-Q optical cavity. The resonance within the sub-wavelength structure cavity ensures the transmission from one 
port to the opposite port with low insertion loss; while the crosstalk to other ports and back-reflection can be suppressed. 
Different from the conventional cavity, the waveguide crossing cavity is designed with a GA-based square pattern with a 
scale of 51×51, i.e. 2601 pixels at a pixel size of 100 × 100 nm2. Due to the 4-fold symmetry, here we only show one half-
quadrant with 351 independent pixels in Fig. 2(b-c). The design process is illustrated in Fig. 2(b-f). The device is designed 
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